INTRODUCTION
============

After clusters of pneumonia caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) emerged in Wuhan, China in early December, 2019, and then rapid spreading of SARS-CoV-2 was occurred throughout the globe at present. As of June 12, 2020, 7,273,958 confirmed cases, including 413,372 deaths, have been reported across 216 countries \[[@B1]\]. After a huge outbreak occurred on February 20, 2020, as a result of a super-spreading event within a religious group, in Daegu in southern South Korea, 12,003 confirmed cases and 277 deaths have been reported in South Korea as of June 12, 2020 \[[@B2]\]. Although the fatality rate of coronavirus disease 2019 (COVID-19) is lower than that of severe acute respiratory syndrome caused by severe acute respiratory syndrome coronavirus-1 (SARS-CoV-1) and Middle East respiratory syndrome (MERS) caused by Middle East respiratory syndrome-related coronavirus (MERS-CoV), the absolute number of fatalities as a result of COVID-19 is extremely high because of the high prevalence of COVID-19 \[[@B3]\]. The severity of disease varies from asymptomatic infection, to mild self-limiting upper respiratory tract illness to severe pneumonia with respiratory failure, multi-organ dysfunction, and death. Although a large majority of cases are mild, some are severe and fatal.

Many people with COVID-19 have comorbidities such as diabetes, cardiovascular disease, and hypertension \[[@B4][@B5][@B6]\]. Diabetic patients have been strongly suggested to have more severe outcomes and higher mortality due to COVID-19 than those without diabetes \[[@B7]\]. Thus, the diabetic community urgently needs to know about COVID-19 and its effects on patients with diabetes, and special precautions should be taken in their management during the COVID-19 pandemic. This report aims to describe the association between diabetes and COVID-19, and provides the official suggestions of the Korean Diabetes Association (KDA) for the COVID-19 outbreak.

ASSOCIATION BETWEEN DIABETES AND COVID-19
=========================================

People with diabetes are at an increased risk of serious infection \[[@B8]\]. Diabetes was identified as a major contributor to disease severity and fatality in H1N1 (pandemic influenza virus) infection and MERS \[[@B9][@B10]\].

Currently, most available data come from hospitalized cohorts with a reported prevalence of diabetes in COVID-19 ranging from 5.3% to 26.4% worldwide \[[@B5][@B11][@B12][@B13][@B14][@B15][@B16][@B17][@B18][@B19]\]. A small number of nationwide studies are available. A recent population-based cohort study using the Korean Health Insurance Review and Assessment Service (HIRA) data, among 5,307 COVID-19 patients, 770 (14.5%) had diabetes in Korea (unpublished data). Data from studies across China estimated the population prevalence of diabetes in COVID-19 patients to be approximately 5.3% to 11%, which is not higher than the prevalence of diabetes in the general population \[[@B7][@B20]\]. According to the report from the Centers for Disease Control and Prevention (CDC) of United States, 10.9% of COVID-19 patients have diabetes \[[@B21]\]. To summarize these reports, diabetes is one of the most common comorbidities of COVID-19 infection. It is still unclear whether people with diabetes are more susceptible to COVID-19 infection.

The disease severity and mortality in patients with diabetes were higher than those in patients without diabetes among those with COVID-19 in several studies. A two-center retrospective study performed at hospitals in Wuhan showed a higher proportion of intensive care unit (ICU) admissions (17.6% vs. 7.8%, *P*=0.01) and more fatal cases (20.3% vs. 10.5%, *P*=0.017) were identified in COVID-19 patients with diabetes than in sex- and age-matched patients without diabetes \[[@B22]\]. Another retrospective, multi-center study of 7,337 cases of COVID-19 in China found, subjects with type 2 diabetes mellitus required more medical interventions and had a significantly higher mortality (7.8% vs. 2.7%; adjusted hazard ratio \[HR\], 1.49) than non-diabetic individuals \[[@B23]\]. In a single-center study conducted in Korea, mortality was significantly higher in patients with diabetes (17.2%) than in those without diabetes (1.2%) \[[@B19]\]. A study based on the nationwide surveillance data, among 63 fatal cases of COVID-19, 36.5% were found to have diabetes in Korea \[[@B6]\]. According to a nationwide population-based cohort study conducted in Korea, the prevalence of diabetes among COVID-19 patients who were hospitalized, received oxygen supply, applied mechanical ventilator, and who died were 14.7%, 28.1%, 41.3%, and 44.6% respectively (unpublished data). A meta-analysis of 6,452 patients from 30 studies also showed that diabetes was associated with composite poor outcomes including mortality, severe COVID-19, acute respiratory distress syndrome (ARDS), need for ICU care, and disease progression (risk ratio, 2.38 \[1.88 to 3.03\], *P*\<0.001; *I*^2^=62%) \[[@B7]\]. These results suggest an association between diabetes and poor prognosis and increased mortality of COVID-19. Publications that have investigated the association between diabetes and severity in patients with COVID-19 are shown [Fig. 1](#F1){ref-type="fig"}.

POTENTIAL MECHANISMS OF LINKING BETWEEN DIABETES AND COVID-19
=============================================================

There are several suggested mechanisms that might play a role in an association between diabetes and COVID-19 ([Fig. 2](#F2){ref-type="fig"}). Uncontrolled hyperglycemia was reported as a significant predictor of severity and fatality of different viral diseases, including SARS-CoV, 2009 pandemic influenza, and 2012 MERS-CoV infection \[[@B9][@B10]\]. In an observational study conducted in France, long-term glycemic control as assessed using glycosylated hemoglobin (HbA1c) was not associated with COVID-19 severity \[[@B24]\]. Although admission plasma glucose was significantly associated with the primary outcome (tracheal intubation for mechanical ventilation and death within 7 days of admission) in age and sex-adjusted nonlinear models, it was not a predictor of the severity of COVID 19 in multivariable models \[[@B24]\]. HbA1c was also not a predictor of COVID 19 severity in a single center study in Korea \[[@B19]\]. A retrospective multi-center study conducted in China showed that well-controlled blood glucose as assessed using glycemic variability was associated with markedly lower mortality than in individuals with poorly controlled blood glucose (adjusted HR, 0.14) during hospitalization after adjusting for age, sex, COVID-19 severity, comorbidities, and side effects in patients with COVID-19 and pre-existing type 2 diabetes mellitus \[[@B23]\]. A single center study from Italy reported that the group treated with insulin infusion had better glycemic control and less severe COVID-19 \[[@B25]\]. These findings provide clinical evidence that uncontrolled hyperglycemia during hospitalization is associated with poor outcomes in COVID-19 patients with diabetes. Prospective controlled studies are needed to clarify the effect of hyperglycemia on the prognosis of COVID-19.

Diabetes might be associated with immune system impairment and may affect the inflammatory response to pathogens. Poorly controlled diabetes is linked to inhibited lymphocyte proliferative responses to different stimuli \[[@B26]\], and impaired macrophage and neutrophil functions \[[@B27]\]. Furthermore, bactericidal activity following stimulation is decreased and bacterial phagocytosis and killing mechanisms are reduced in diabetic patients \[[@B28]\]. It was demonstrated that the respiratory burst of monocytes in patients with poorly controlled disease with hyperglycemia was severely impaired when compared to that in patients with well-controlled disease and healthy people \[[@B29]\]. Influenza virus infection and replication were significantly increased when pulmonary epithelial cells were exposed to high glucose concentrations \[[@B30]\].

Low-grade chronic inflammation is a common feature in subjects with type 2 diabetes mellitus. C-reactive protein (CRP), a well-established marker of the development of inflammation, tumor necrosis factor α, an inflammatory marker, and interleukin 6 are strongly associated with diabetes \[[@B31]\]. Cytokines play a key role in promoting atherosclerosis and, therefore, cardiovascular disease \[[@B32]\]. Interestingly, ARDS in patients with COVID-19 is driven by severe hypoxemia despite relatively well-preserved lung mechanics \[[@B33]\]. A pre-existing proinflammatory state could accentuate the hyper-inflammatory response (cytokine storm), which is believed to be responsible for ARDS as well as multi-organ dysfunction in COVID-19 \[[@B34]\].

Comorbidities of diabetes might cause more susceptibility of COVID-19 in diabetic patients. Common demographics and comorbidities of diabetes such as older age, male sex, cardiovascular disease, hypertension, and obesity have been associated with poor outcomes in COVID-19 \[[@B11][@B35]\]. A retrospective single-center study conducted in Korea reported that age was an independent risk factor for severe outcomes in patients with diabetes \[[@B19]\]. In a study assessing the prognostic value of clinical and biological features, age, microvascular and macrovascular diabetic complications, treated obstructive sleep apnea, dyspnea, increased aspartate transaminase and CRP, and decreased estimated glomerular filtration rate and platelet count were independently associated with the risk of early death in patients with diabetes hospitalized for COVID-19 \[[@B24]\]. Obesity is also known as an independent risk factor of severity in COVID-19 patients \[[@B36]\].

Angiotensin-converting enzyme 2 (ACE2) protein, which is an important element in the regulation of blood pressure, metabolism, and inflammation, was also identified as the receptor for the coronavirus spike protein. SARS-CoV-2 enters the cell by binding to ACE2 \[[@B37]\]. There is experimental evidence for the downregulation of ACE2 in diabetes \[[@B38]\], which might reduce the entry of the virus into cells. Furthermore, ACE2 is expressed in pancreatic beta cells, SARS-CoV-2 might enter islets cells and cause beta-cell dysfunction \[[@B39]\]. On the other hand, ACE2 has been suggested to have a protective effect against inflammation-induced damage. Ang-(1--7) formed from AngII by ACE2 exerts inhibitory effects on inflammation and on vascular and cellular growth mechanisms by acting via the Mas receptor \[[@B40]\]. Downregulation of ACE2 in diabetes might make cells vulnerable to inflammation following viral infection.

Dipeptidyl peptidase-4 (DPP-4) inhibitors are one of the most frequently used medications in patients with type 2 diabetes mellitus. From *in vitro* experiments, DPP-4 was identified as a functional receptor for MERS-CoV for its entry into the cell \[[@B41]\]. Antibodies directed against DPP-4 inhibited MERS-CoV infection of primary cells \[[@B42]\]. DPP-4 may also have a role as an entry route for SARS-CoV-2, although it is not proven yet. In vitro treatment of DPP-4 inhibitors did not block the entry of coronavirus into cells \[[@B42]\]. On the other hand, the DPP-4 enzyme is known to be involved in the immune system and increases inflammation in type 2 diabetes mellitus \[[@B43]\]. Whether the DPP-4 enzyme also plays a role in the association between diabetes and COVID-19 is currently unknown.

MANAGEMENT OF DIABETES IN COVID-19 PATIENTS
===========================================

Management of hyperglycemia in COVID-19 patients with diabetes
--------------------------------------------------------------

Based on mounting evidence supporting the effect of proper glycemic control on the prognosis of COVID-19, intensified glycemic control is recommended in COVID-19 patients with diabetes. Infection with SARS-CoV-2 might trigger stress conditions and increased secretion of stress hormones, such as cortisol and catecholamines, which result in the elevation of blood glucose and extreme glycemic excursion. In practice, cases of acute hyperglycemic crisis were reported in COVID-19 patients with diabetes \[[@B44][@B45]\]. There was a case report of the successful management of high-risk patients with type 1 diabetes mellitus and diabetic ketoacidosis using telehealth \[[@B46]\]. It is thought that during the pandemic, when health providers or diabetic patients are required to minimize contact and may even be quarantined, telehealth could provide alternative support in preventing acute complications and controlling sever hyperglycemia. People with diabetes who are not infected with the SARS-CoV-2 are also recommended to maintain optimal glycemic control as part of the primary prevention of COVID-19. COVID-19 patients without diabetes need to be monitored for new onset diabetes. Viral infection can trigger the onset of diabetes, and 28% of COVID-19 patients with hyperglycemia had not been diagnosed as having diabetes before hospitalization in a single center study \[[@B25]\]. Also, during COVID-19 pandemic, social distancing, decrease of attendances to hospital facilities, limited access for patients, and remote consultations are easy to miss the urgent situations of diabetic complications such as diabetic foot, acute coronary syndrome, severe diabetic retinopathy, and so on. Therefore, doctors, healthcare providers, and patients need to be alert with regards to development and deterioration of diabetic complications.

Special considerations for anti-diabetic medication in COVID-19 patients with diabetes
--------------------------------------------------------------------------------------

Metformin is recommended as the first-line treatment of choice and one of the most frequently prescribed medications for type 2 diabetes mellitus. Metformin is contraindicated in people with concomitant sepsis or severe impairment of hepatic and renal function. As COVID-19 patients are vulnerable to dehydration and multi-organ failure, patients should follow the sick day rule and metformin should be stopped if severe renal or hepatic dysfunction is confirmed. Careful monitoring of renal function is needed during illness. Euglycemic ketoacidosis is rarely reported in type 2 diabetes mellitus treated with a sodium-glucose cotransporter-2 (SGLT-2) inhibitor. SGLT2 inhibitors should be discontinued for patients with renal dysfunction or severe SARS-CoV-2 infection who are dehydrated and have a risk of ketoacidosis. However, prophylactic discontinuation of these medications is not recommended for patients with mild symptoms or without any symptoms/organ failure. As previously described, a DPP-4 inhibitor was suggested to have a protective role against MERS \[[@B42]\]. There is a lack of evidence of SARS-CoV2 binding to DPP-4. DPP-4 inhibitors and glucagon-like peptide-1 receptor agonists may exert anti-inflammatory actions in human subjects and have been successfully used to control glucose levels in hospitalized patients \[[@B43]\]. A study using Korean national insurance claim data, analyzed 832 confirmed COVID-19 subjects with DM and, showed that use of a DPP-4 inhibitor is associated with better clinical outcomes in patients with COVID-19 \[[@B47]\]. However, whether DPP-4 inhibitors influence the course of the COVID-19 remains unclear. Insufficient secretion of insulin as a result of beta cell dysfunction can develop in patients with multiple stresses triggered by COVID-19. For intensive glucose control, the use of insulin is feasible. Treatment with insulin infusion showed better glycemic control and less severe COVID-19 in a retrospective study \[[@B25]\]. Because of the possibility of extreme blood excursion in patients with severe COVID-19, the risk of hypoglycemia should be carefully monitored with insulin use. Good glycemic control is important in improving the outcomes of patients with COVID-19. Anti-diabetic medications that effectively control blood glucose should have a beneficial effect on COVID-19 prognosis. Some anti-diabetic medications are suggested to have immune-modulating effects expected to have additional benefits, but neither of them has been proven yet. Larger cohort studies are needed to prove specific anti-diabetic medication is beneficial independent of glycemic control in COVID-19 patients.

Renin-angiotensin aldosterone system inhibitors
-----------------------------------------------

Regarding the association between COVID-19 and ACE2, an increased risk of SARS-CoV-2 infection due to elevated expression of ACE2 in patients treated with ACE inhibitors or angiotensin II receptor blockers (ARBs) has been hypothesized. There is controversy over whether renin-angiotensin aldosterone system (RAAS) inhibitors are harmful or protective with respect to COVID-19. A positive test for COVID-19 or in the risk of severe COVID-19 were not increased in who patients take RAAS inhibitors \[[@B48]\]. A retrospective single-center study conducted in Korea also showed that use of ARB or ACE inhibitor medications was not associated with a critical outcome, but showed protective effects against acute cardiac injury (odds ratio \[OR\], 0.048; *P*=0.05) in diabetic patients with COVID-19 \[[@B19]\]. A study from Korea using national insurance claim data also showed no effect of RAAS blockade on clinical outcomes in COVID-19 in patients with diabetes \[[@B47]\]. In a meta-analysis of 12 studies involving more than 19,000 COVID-19 cases, RAAS inhibitor exposure was not associated with a higher risk of COVID-19. Among those with COVID-19 infection, RAAS inhibitor exposure was also not associated with a higher risk of severe outcomes or mortality. On the contrary, RAAS inhibitor exposure was associated with a lower risk of mortality compared to those on non-RAAS inhibitor antihypertensive drugs (OR, 0.48; 95% confidence interval \[CI\], 0.29 to 0.81; *P*=0.006) \[[@B49]\]. It is strongly recommended that patients who are taking ACE inhibitors or ARBs should not withdraw their current treatment regimens because of COVID-19.

THE KDA\'S SUGGESTIONS FOR COVID-19
===================================

As there is the possibility for patients with diabetes, a typically immunosuppressive condition, to develop serious COVID-19, the KDA would like to make some official suggestions regarding the COVID-19 epidemiological emergency.

The KDA suggests that patients with diabetes, particularly, those over 70 years old, should have the opportunity to be tested and hospitalized when symptoms are first detected. In this situation, when nationwide spread is already suspected beyond local infection, preferential screening and hospitalization of high risk groups such as elderly patients with diabetes, who can progress to a serious condition will decrease the entire death toll and the number of deaths in the aged older population. This should prevent the development of serious illness, which would be an efficient response to COVID-19.

The KDA also provides COVID-19 prevention guidelines for patients with diabetes ([Table 1](#T1){ref-type="table"}). People with diabetes and health providers should be aware that they are more likely to develop serious illness than otherwise healthy people and follow strict prevention guidelines. In particular, patients with diabetes aged over 70 years are a high-risk group and require special care. The more difficult the situation is, the more important it is to measure blood sugar closely and strictly maintain life style. The KDA suggests refraining from going out or visiting crowded areas, ensuring good hand washing, maintaining cough etiquette, avoiding touching the face with unwashed hands, putting on a mask before visiting a medical institution, and avoiding contacting someone with fever or respiratory symptoms. The KDA also recommends avoiding personal contact at home as much as possible and always wiping frequently touched surfaces such as tables, doorknob, and keyboard. For blood sugar management, the KDA suggests taking oral medications and administering insulin more strictly than usual, and self-monitoring blood sugar more frequently. Self-monitoring of blood sugar should be performed at least twice a day (after waking up in the morning and once 2 hours after meals). If the result is consistently higher than usual, patients should visit their doctor or use the phone helpline. Proper nutrition therapy is also important. Sugar consumption should be limited. Regular three meals and balanced diet are essential. Sufficient vegetable and protein consumption is also recommended. The KDA also recommends drinking plenty of water to prevent infection. Exercise is necessary in order to maintain immunity. A certain amount (minimum 30 minutes) of regular aerobic exercise is recommended every day at home. Regular resistance exercises are also recommended at least twice a week. Contacting the community healthcare center is needed if there are any symptoms such as a cough, phlegm, or fever. Immediate contact with a doctor is also needed when blood sugar levels reveal a sudden and consistent increase. If it is difficult to visit a doctor, consult through the phone helpline allowed temporarily.

CONCLUSIONS
===========

Close attention and timely adequate care are essential for the prevention and proper treatment of COVID-19 in diabetic patients. Expanding our knowledge about COVID-19, developing medications for SARS-CoV-2 infection, and conducting studies for identifying unanswered questions about the pathogenic pathway, risk factors, and effects of anti-diabetic medications on COVID-19 outcomes and the best practice for managing diabetes during pandemic are essential. For the future another infectious disease pandemic, we have to prepare nationwide remote monitoring and couching system for diabetic patients as soon as possible. The KDA will spare no effort in closely cooperating with health authorities for patients with diabetes to overcome the current difficulties related to COVID-19.
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###### Korean Diabetes Association coronavirus disease 2019 prevention guideline for patients with diabetes
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  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  General health practice                                                                                                                                                                                                                                                                               Refrain from going out or visiting crowded areas.
  Make sure to wash your hands and keep cough etiquette.                                                                                                                                                                                                                                                
  Do not touch your eyes, nose, and mouth with unwashed hands.                                                                                                                                                                                                                                          
  Put on a mask before you visit a medical institution, avoid crowds, and avoid contacting someone with fever or respiratory symptoms.                                                                                                                                                                  
  Avoid personal contact at home as much as possible and always wipe the table, doorknob, and keyboard frequently touched.                                                                                                                                                                              
  Practice for blood sugar management                                                                                                                                                                                                                                                                   Make sure to keep oral medication and insulin administration more strict than usual.
  Conduct and check self-monitoring of blood sugar more frequently. Once after waking up in the morning, once 2 hours after meals, that is conduct self-monitoring of blood sugar at least twice a day. If the result is consistently higher than usual, visit your doctor or use the phone helpline.   
  Limit sugar for eating, have three meals, and balance your diets. Eat enough vegetables and take enough protein as well.                                                                                                                                                                              
  Drink plenty of water to prevent infection.                                                                                                                                                                                                                                                           
  Exercise is necessary in order to maintain immunity. Do a certain amount (minimum 30 minutes) of aerobic exercises regularly every day at home. Do resistance exercise twice a week.                                                                                                                  
  Contact                                                                                                                                                                                                                                                                                               Contact the community healthcare center for such symptoms as a cough, phlegm, and a fever. Contact the doctor for sudden blood sugar increase. If it is difficult to visit the doctor, consult through the phone helpline allowed temporarily.
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